Soil microbiome responses to short-term nitrogen (N) inputs within the context of existing 34 spatio-temporal variability remain uncertain. Here, we examined soil bacterial and fungal 35 communities pre/post-N fertilization in an 8 year-old switchgrass field, in which twenty-four 36 plots received N fertilization at three levels (0, 100, and 200 kg N ha -1 as NH 4 NO 3 ) for the first 37 time since planting. Soils were collected at two depths, 0-5 and 5-15 cm, for DNA extraction and 38 amplicon sequencing of 16S rRNA genes and ITS regions, and soil metagenomic analysis.
were determined on samples collected in the Summer of 2017 using the dry combustion method 161 and soil inorganic N (NH 4 + -N and NO 3 --N) was analyzed using a FIA QuikChem 8000 162 autoanalyzer (Lachat Instruments, Loveland, CO, USA). Generally, 0-5 cm soils had 4.5% soil 163 total C, 0.2% soil total N, 10.2 mg kg -1 NH 4 + , and 1.3 mg kg -1 NO 3 -, while 5-15 cm soil had 164 significantly lower 1.8% soil total C, 0.03% soil total N, 1.8 mg kg -1 NH 4 + , and 0.3 mg kg -1 165 NO 3 -. Approximately 10 g of soil from each sample was homogenized in a mortar and pestle with 169 liquid N 2 , and soil DNA was extracted from a 0.25 g aliquot of the soil sample using the MoBio 170 DNeasy PowerSoil Kit (Qiagen, Carlsbad, CA, USA) according to the manufacturer's 171 instructions. DNA concentrations were determined and purity was confirmed by the ratio of 172 absorbance at 260 and 280 nm (1.70-1.90) using a NanoDrop 1000 spectrophotometer 173 (NanoDrop Products, Wilmington, DE, USA).
174
A two-step PCR approach was used to barcode tag templates with frameshifting nucleotide cutoff was 1e -5 , minimum identity cutoff was 60%, and minimum alignment length was 50). 225 One-way analysis of variance (ANOVA) of a completely randomized design (SAS 9.3, SAS 226 Institute Inc. Cary, NC, USA) was used to assess significant differences in above-ground yields 227 and plant C/N contents among N fertilization levels. A three-factor ANOVA of a completely 228 randomized design was used to analyze microbial alpha diversity and the abundances of 229 microbial taxonomic groups among the three N fertilization levels, two soil depths, and four 230 seasonal samplings. Microbial beta diversity was compared using a three-factor PEMANOVA 231 method (N fertilization levels, soil depths, and sampling season) with 9999 permutations Chloroflexi (5%), and Gemmatimonadetes (2%) than the deeper layers ( Fig. 2) . Surprisingly, 254 fungal phyla did not show any differences between the soil depths examined in these switchgrass 255 soils.
256
Shotgun metagenomes also showed high taxonomic and functional diversity in the 257 switchgrass field (Fig. S1 ). However, when phylogenetic assignments of the metagenome reads (Table 1) . However, the spatio-temporal variation (depth 285 and season) were more significant than N effects for bacterial, archaeal and fungal communities 286 (P < 0.0001) ( Table 1 and Fig. 4) . Soil depth and sampling season contributed to approximately Crepidotus and Uthatobasidium (Basidiomycota) (P < 0.05).
308
Both soil depth and sampling season resulted in more significant alteration to 309 bacterial/archaeal community composition than N application (Fig. 6 ). For example, 81% 310 bacterial taxonomic groups at the genus level (with relative abundance > 0.1%) differed 311 significantly between 0-5 and 5-15 cm of soil layers (P < 0.05), and significant variation 312 occurred even at the phylum level. Generally, the 0-5 cm soil layer had a greater abundance of 313 the phyla of Bacteroidetes, Planctomycetes, and Verrucomicrobia, whereas the phyla 314 Chloroflexi, Nitrospirae, and Proteobacteria dominated the 5-15 cm soil layer (P < 0.05) (Fig. 6 ).
315
Sampling season also caused significant changes in bacterial community composition with ~80% 316 of bacterial genera significantly affected (P < 0.05) (Fig. 6) , mostly in the prominent phyla of 317 Acidobacteria, Actinobacteria, Bacteroidetes, and Verrucomicrobia, suggesting that these 318 taxonomic groups were most responsive to temporal changes. 319 In the fungal community, only 54% prominent genera (of relative abundance >0.1%) 320 showed a significant changes between two soil depths, in which members of the phyla of 321 Ascomycota, Chytridiomycota, and Glomeromycota were more prevalent in top soil layer of 0-5 322 cm (P < 0.05) ( Fig. 7) . Approximately 90% of the prominent fungal taxonomic groups classified 323 at the genus level (relative abundance > 0.1%) significantly varied over sampling seasons (P < 324 0.05) (Fig. 7) . 325 Venn diagrams were used to better visualize these changes of bacterial/archaeal and fungal 326 taxonomic groups affected by soil depth and sampling season (Fig. 8) . In bacteria, there were 327 61% of significantly affected genera shared by two factors of soil depth and sampling season, 328 showing that most bacterial groups that differed between depths also responded to temporal 16 329 change. In fungi, many more fungal taxonomic groups significantly varied across the four 330 seasonal samples than depth difference (Fig. 8) , indicating that temporal variation affected fungal 331 community composition more significantly than spatial variation.
333
Microbial community associations with switchgrass yields and plant C/N contents 334 Compared to the control plots, N fertilization at 100 and 200 kg N ha -1 increased switchgrass 335 yields by 43% and 171%, respectively (Table 2 ). In addition, N inputs also significantly 336 increased plant N, but reduced relative C content and C/N ratios (P < 0.05) as measured at the 337 end of the growing season. The DistLM analysis showed that switchgrass yields were 338 significantly correlated with the community structure of bacteria/archaea and fungi, but 339 explained only a small portion of variation, i.e., 2.6%, 1.2%, in bacterial/archaeal and fungal 340 profiles, respectively (P < 0.01) ( Table 2 ), suggesting a small but significant correlation between 341 above-ground switchgrass growth and below-ground microbiomes through N fertilization. (Fig. 4) . Our work suggests that some phylogenetic groups 353 of bacteria and fungi might quickly react to N inputs, even when soil properties are not 354 significantly modified by short-term N fertilization. These N effects were consistent across two 355 soil depths and four sampling seasons because there was no significant interaction between N 356 and depth/season (Table 1 ). We also observed that the one-time N amendment appeared to 357 directly repress some bacterial and fungal groups based on the negative relationship of relative 358 abundance with N levels, for example bacterial genus Pseudonocardia, and fungal genus 359 Archaeorhizomyces (Fig. 5) .
360
Pseudonocardia is a common endophytic Actinomycete frequently isolated from host plant Pseudonocardia are significantly and negatively associated with N fertilization (Fig. 5) , 369 suggesting that even short-term N inputs might acutely suppress this associative nitrogen fixer in 370 switchgrass cultivated lands. 
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